Introduction
As a final assignment in a select graduate program in engineering leadership, The Gordon Engineering Leadership Program (GEL) at Northeastern University, students are tasked to research and develop a case study and prepare a presentation to the class as method for analyzing and assessing leadership skills and characteristics as displayed by historic, contemporary or iconic leaders in engineering and technology. This paper describes how the program builds awareness of the broad characteristics of leadership leading up to this exercise, enriching the understanding of how leadership emerges and evolves, as a blueprint of a best practice in a nationally recognized curriculum. Included is an overview and structure of the leadership program and brief descriptions of the leadership topics taught in the class, including supporting literature, and outcomes.
The Assignment -Personal Case Study
The purpose of the assignment is to give students the opportunity to analyze the leadership approach and philosophies of historic figures and reflect upon how their styles match and contrast with what they've been taught in the classroom, and then share their research with their classmates.
In the program, 14 leadership capabilities are taught and developed through lectures, case study and labs augmented by a weekly guest speaker. Students are introduced to assessment techniques such as Myers-Briggs, Thomas-Kilmann and DISC, taught classic, contemporary and experiential theories on transformational and transactional leadership, sources of power, ethics, followership, leading from the middle, influence without authority, team dynamics and other themes.
With this foundation, vocabulary and awareness of the field of leadership, students are given a "share your leadership story" assignment due at the end of their final semester. They select an engineering leader of interest, someone renown in a field, industry or company for a significant contribution to engineering, and conduct scholarly research on the leader using biographies, autobiographies, history books, television documentaries, movies, interviews or other methods.
Written Report
The assignment first requires a substantive report in which students analyze their subject using Page 26.503.2 all of the lenses learned in the class:
• What are the key life events and achievements of this leader? In what ways did they stand out? • What made them a great engineer?
• What type of organizational climate did they establish and operate in?
• What Myers-Briggs descriptor (ESTP, ENFJ...) do you feel best describes the leader, and why? • What types of conflicts did they experience and how did they cope with them?
• Based upon the leadership capabilities taught in the program how do they rank?
• What sources of power appear to be the leader's default preferences?
• What surprised you?
Engineering Leadership Poster
Next the students prepare hand-annotated posters (Figure 1 Engineering Leadership Poster) that are displayed in the corridor and public spaces of the department for a week for view and commentary by faculty, other students and the public. 
Round-table Reflection and Sharing
The assignment continues with each student preparing a set of talking point to "share his or her story". A round-table discussion, facilitated by a randomly chosen student, concludes the exercise.
The discussion is recorded, minutes taken and in an after-action review, students reflect on those traits that appear to be common amongst the selected subjects.
We'll return to the results and outcomes of the assignment, but now will describe the program in minor detail to put the exercise in context. 
Program Background
The mission of the Gordon Engineering Leadership Program (GEL) is to "create an elite cadre of engineering leaders with exceptional abilities to lead engineering teams by providing purpose, direction and motivation to influence others to achieve collective goals."
In prior papers i an overview of the complete structure of GEL has been described, including the assessment of industry's need for improvement in engineering leadership and the current impact and consequences of poorly led engineering projects. A representative syllabus and approach to the engineering, product development, technical and scientific content was also presented. Further, the global risk to the competitiveness of companies if this need is not addressed was presented in 2012 ii .
The following sections describe themes that the leadership portion of GEL uses to build leadership and the methods used in analyzing subjects for the case study. GEL uses coursework, team activities and labs in the introduction and mastery of the theory and practice of leadership within the framework of a three-level, capability pyramid ( Figure 2 : The Engineering Leadership Pyramid).
Self-Team-Stakeholder Pyramid
• Self and Situational Leadership Awareness, designed to improve self-awareness, develop appropriate confidence and attitudes, and gain an appreciation for the importance of values, integrity, credibility and personal character essential to be an effective leader.
• Knowledge, Skills and Attitudes to Successfully Lead Engineering Teams, targeting the development and mastery of best practices in the techniques of setting expectations, organizing and leading a team.
• Realizing Vision, Mission and Stakeholder Goals, framing the role and responsibility of the leader to understand and communicate their organization's vision and strategy.
14 Engineering Leadership Capabilities
Leadership capabilities, also described in prior papers, are derived from the Sloan-MIT Leadership model as described in the articles "In Praise of the Incomplete Leader" iii and "Capabilities of Effective Engineering Leaders" iv , combined with techniques on developing leadership competencies used by the U. S. military. v,vi,vii,viii The program uses a polar chart, known within the program as the "spider chart", to both assess leadership capabilities and as a convenient quick reference for the students. These 14 capabilities are developed, periodically assessed, and mastered over the course of the program. By the time this assignment is given, the students are prepared with a common understanding of how to improve performance in each capability and how to observe it in action.
Leadership Framework and Framing Definitions
Derived as a group during an introductory workshop, definitions of key framing principles to analyze leadership are also developed. Representative of the themes developed are:
• Leadership derives from values • Values are deeply held beliefs about right/wrong, good/bad
• Personal values are implicitly related to choice; they guide decisions by allowing for an individual's choices to be compared to each choice's associated values • Leadership attributes/attitudes are internal and defining qualities we possess, develop and exercise in our activities and interaction with others • Leadership is: influencing others by providing purpose, direction and motivation to accomplish a task while improving the organization and its people
• Distinguishing the difference between leadership and management: Leadership deals with people and behavior; management with the science of organizing and planning programs, budgets and systems.
Organizational, Psychological and Leadership Lenses
The bulk of the leadership curriculum consists of weekly topics introducing both classic and contemporary lenses on leadership. Through regular exercises, students gain a familiarity with the language associated with and a myriad of conceptual models that have set the foundation for current leadership philosophy and practice. Most sessions consist of one or more readings, a skill inventory test or case study, followed by a leadership lab and reflection. Labs typically involve an interactive dialog, followed by peer-to-peer, hands-on practice of a task in developing some level of competency in the related topic. Finally, students are asked to look at their own organizations for evidence of both good and poor application of the principles discussed.
While not exhaustive, the principle topics emphasized in the program are:
• 
Assessment method
With the key elements of this part of the program now explained, let's return to the assignment. As noted, students are expected to select either a past or current engineering leader as their subject. They are encouraged to select someone in either their field, perhaps the founder of their company, or someone else that they think will be interesting. They nominate their leader for approval at the beginning of the semester, along with a detailed description of how they plan to conduct their research.
At a minimum, their paper and presentation must answer the questions posed earlier in this paper, but student are encouraged to expand as they see fit and most do:
Outcomes
Excerpts from selected papers and posters are included at the end of this paper.
To date, reports on over 120 different leaders have been studied and archived. Subjects have ranged from Sir Isaac Newton to Thomas Edison, Grace Hopper to Steve Jobs, Elon Musk (of SpaceX fame) to Ratan Tata (founder of the Tata Group), from distant history to pulled from today's headlines, local and international, male and female, from every type of engineering discipline and industry. A major contribution, over 3 years, is the growing library of case studies on leaders analyzed.
Page 26.503.12
This exercise has proven to be powerful, enlightening and revealing. By analyzing a leader from the perspective of what they've learned in the course, students begin to appreciate the diversity of how leadership emerges and that most leaders, while successful, are not superhuman. At some point in their lives they weren't very different than our students.
During the round-table discussion, as common themes emerge, they are logged for reflection. Many leaders faced some handicap, challenge, flaw or shortcoming that they nevertheless were able to overcome. It's these traits that frequently differentiate the great from the good leader. The capabilities that come up as universal include:
• Vision -the desire to do something of meaning, have a purpose and the ability to articulate it • Urgency -getting things done faster and better than thought possible • Initiative -ability to frame a plan and get things started • Resilience -the ability to spring back when facing difficult obstacles and the probability of success seems low • Perseverance -steadfastness in keeping focus on the big picture • Tenacity -stubborn determination to never let go, never quit, never accept failure • Expertise -striving to be the best and demanding the best • Inspiration -able to influence others to follow them Also revealing is the observation that a few renowned leaders did not always behave in a pure and virtuous manner. Traits such as blind ambition, rivalries and competition or even personal weakness, sometimes led to a path where ethical or moral choices appeared at odds with good values. For example, Thomas Edison's competition with Nicolas Tesla on creating a standard for electrical power distribution led to the demonstration of electricity as a means of executing prisoners.
When constructing the Brooklyn Bridge, over 20 workers were killed due to lax safety standards. Some leader behaviors and addictions hint at a degree of hypocrisy between their public persona and private lives.
Equally powerful is the discussion on what led leaders to make those decisions and whether the compromises made were necessary. Do they diminish the leader's stature or reputation?
Summary and Conclusion
The Gordon Engineering Leadership Program at Northeastern University is enthusiastic about sharing any of the techniques or approaches with other institutions involved in engineering leadership development. The background material and use of it on a semester long assignment is an example of a best practice and it is hoped that the description and framework can be of use by other leadership programs.
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In summary, as a final assignment in a select graduate program in engineering leadership, students are tasked to research and develop a case study and prepare a presentation to the class as method for analyzing and assessing leadership skills and characteristics as displayed by historic, contemporary or iconic leaders in engineering and technology.
The result is a richer understanding of leadership as demonstrated by historical and contemporary figures and is an example of a best practice in a nationally recognized curriculum.
Page 26.503.14 Excerpts from papers and examples of the posters presented in class provided the background for rich discussion on all of the leadership topics introduced in the program.
7.1 Paper excerpt -Clarence "Kelly" Johnson "For this assignment I selected Clarence L. 'Kelly' Johnson (1910 -1990 He was a very strong team leader and able to deliver seemingly impossible tasks under budget and on time. Kelly went through several transformations over the course of his career. He appeared to initially be an ISTJ (Introvert, Sensing, Thinking, Judging) as an extremely bright student, very dedicated to his science, but also very quiet.
He passionately valued learning and knowledge
He retained his staunch beliefs in education and research, but his day-to-day life became less about doing the hard calculations and more about inspiring and influencing the people on his team and external stakeholders.
Kelly relied on two main sources of power. The one he used predominantly was expert power. As he rose through the ranks at Lockheed, Kelly gained and would often use legitimate power especially in his days when in forming the Skunk Works.
Kelly created an organizational climate unlike any other at the time. The Skunk Works was an extremely efficient and prolific group of people. The organization relied on a few very capable and very dedicated individuals working on cross functional teams to accomplish designs and builds that previously would have taken hundreds of people and thousands of man hours. He located manufacturing and design physically next to each other in the same building so that as soon as a drawing was created it could be given to production to figure out the best way to build it. The relatively flat organizational structure kept his team nimble and reactive. Rewards came based upon demonstration of excellence, hard work and acting as a team" Elon is known as a disrupter, who's motivation comes from 'personally looking at things that don't work well and feeling a bit sad about how it would manifest in the future. And if that would result in an unhappy future, then it makes me unhappy. And I want to fix it'.
Paper Excerpt -Elon Musk
Elon is defined by his passion and need to improve the world, and an unstoppable attitude to get it done under any circumstances.
He doesn't hesitate at all in learning anything he needs to, or finding the right people that already know what he needs to make the world a better place.
He has, at times, blind ambition driven by that arrogance and uses sheer force of will to get things done, over ever accepting that a different option may be the better choice.
His sources of power pertained to personal power, referent and expert.
He treats his employees well and fosters a culture of trust and respect throughout his organizations.
He always met his goals and on time.
Ethical actions drive his every decision. He donates his money to charity, gives himself no salary, and gives all of himself to the betterment of the planet."
Paper Excerpt -Frank Crowe
"Frank Crowe is known as the Chief Engineer of the Hoover Dam. Beginning early in his career, Crowe became obsessed with process improvement and increased efficiency. He developed new methods to move earth and lay concrete faster than ever before. Every dam he oversaw was completed on time and under budget. Early success catapulted Crowe to the top of the field of engineers, and he was rewarded with promotions and more significant projects.
Hoover Dam was approved and opened for bidding in early 1931 after more than a decade of planning by the US government. Crowe succeeded in bidding and winning the project and completed Hoover Dam 2 years ahead of schedule and under budget.
Crowe always positioned himself to work directly on the best projects and what he wanted to do.
Crowe was competent in decision-making and problem solving, able to find a solution to the most difficult situation.
Crowe was obsessed with doing everything faster, and always delivered on time or ahead of schedule.
Crowe was extremely focused on the tasks at hand, often foregoing sleep.
In his constant desire to increase efficiency, Crowe sometimes sacrificed safety. He disregarded Nevada mining safety regulations, which banned gasoline engines in poorly ventilated areas. The buildup of carbon monoxide sickened workers and resulted in deaths.
Crowe had the courage to face high-risk situations head-on.
Crowe had good vision, and conveyed it well to others.
Crowe was an expert at implementing the vision through new processes.
Crowe worked very hard to gain knowledge and become an expert in his field.
Crowe's innovations and his reputation for delivering on time and under-budget earned him a great deal of respect. He was widely regarded as the best in the business.
Do leaders care? In the interest of time, Crowe pushed his crew hard, sometimes subjecting them to added danger. When overseeing thousands of individuals, it can be difficult to show care for each one. Crowe could have showed more care for his workers by pushing for improved work conditions."
Paper Excerpt -Ellen Swallow Richards
"Ellen Swallow Richards was the first female environmental engineer, and the first female to get accepted to MIT. She was born December 3, 1842 in Massachusetts and mostly home educated by her craftsman father. She became a test case to see if women could handle the rigors of a science degree. Although she was in a very male-dominated field, she was able to conduct respectable research and lectures on topics of air, water, and sewer analysis, biology, and chemistry. Her lessons influenced the development of the first municipal sanitation facilities. She also established the first water quality tables for the United States.
She was able to mentor her female students and conduct research that focused on living conditions of poor people living in cities.
She was visionary for establishing the relationship between human technology and the health of the globe.
She excelled at intuition and thinking at a systems level to establish patterns in the natural world.
